






Spectral reflectance can be described as a linear combination of endmember spectra as:

f1E1(λ) + f2E2(λ) ... + fnEn(λ) = R(λ)

R(λ) is the observed reflectance profile, a continuous function of wavelength λ.
Ei(λ) are the endmember spectra and
fi are the corresponding fractions of the n endmembers

Continuous reflectance profiles are represented as vectors of discrete reflectance estimates at specific wavelengths as:

E(λ) = [eλ1, eλ2 ... eλn]       and     R(λ) = [rλ1, rλ2 ... rλn]

rλi  represents a portion of the observed reflectance spectrum
R(λ), integrated over a finite spectral band with a center wavelength λi and
eλi  represents observed reflectance from the corresponding endmember E(λ).

The continuous linear mixing model can be represented in discrete form as a system of linear mixing equations

fjeij  = ri i = 1,b    and    j = 1,n

The system of b  linear equations can be written as:

Ef = r

The overdetermined linear mixing model, incorporating measurement error:

r = Ef + ε

ε is an error vector which must be minimized to find the fraction vector f  which gives the best fit to the observed reflectance vector

r.   Since ε = r - Ef , we seek to minimize:

εTε = (r - Ef)(r - Ef).

In the case of uncorrelated noise, the well known least squares solution is given by:

f  = (ET E)-1 ET r



3 Endmember Linear Mixing Model

f1E1λ1 f2E2λ1 f3E3λ1 Rλ1
f1E1λ2 f2E2λ2  f3E3λ2 Rλ2
f1E1λ3 + f2E2λ3 + f3E3λ3 = Rλ1
f1E1λ4 f2E2λ4 f3E3λ4 Rλ4
f1E1λ5 f2E2λ5 f3E3λ5 Rλ5
f1E1λ6 f2E2λ6 f3E3λ6 Rλ6

To first order, radiances mix linearly in proportion to area.

Given some knowledge of the spectral endmembers ( E ),
it is possible to estimate fractions ( f ) contributing to a

spectrally mixed radiance measurement ( R ).


























